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Conveying Apparatus with Piezoelectric Driver 
This application is based on U.S. Provisional Patent Application No. 
60/434,935, which was filed on December 19, 2002. 
Background of the Invention 
5 The present invention relates to a vibratory conveying apparatus for 

material-handling applications, and more particularly to a vibratory conveying 
apparatus which comprises a piezoelectric driver for inducing a directional wave 
motion in an associated conveying bed. 

Vibratory conveyors have found widespread use in many material 

10 handling applications. These devices typically include a conveying trough which 
is mounted for vibratory motion and a mechanical or electromagnetic driver which 
induces the vibratory motion in the conveying trough. In mechanically driven 
vibratory conveyors, the driver creates differing acceleration forces during its 
opposite strokes to thereby induce a directional motion to the material in the 

15 trough. In electromagnetically driven vibratory conveyors, the conveying trough 
is mounted for angular movement and the driver therefore creates a force vector 
which advances the material through the trough. U.S. Patent Nos. 5,967,294 
and 6,019,216, which are both hereby incorporated herein by reference, illustrate 
these types of vibratory conveyors. 

20 Efforts have been made to develop vibratory conveyors which employ 

piezoelectric drivers. Piezoelectric drivers typically comprise a ceramic or other 
non-metallic material which, when electrically excited, vibrates at a frequency 
and amplitude commensurate with the electrical excitation. Generally speaking, 
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these types of vibratory conveyors have been configured somewhat similarly to 
electromagnetically driven vibratory conveyors, that is, with the conveying trough 
mounted for angular movement so that the vibratory motion of the piezoelectric 
driver creates a force vector which acts to move the material in the desired 
5 direction. U.S. Patents Nos. 5,472,079, 5,910,678 and 6,465,932, and Japanese 
Patent No. 62-218308, which are hereby incorporated herein by reference, 
illustrate vibratory conveyors which employ piezoelectric drivers. 
Summary of the Invention 

In accordance with the present invention, a conveying apparatus is 

10 provided for effectively conveying a material in a desired direction. The 

conveying apparatus comprises an elongated conveying bed which includes a 
proximal end and a distal end, a support structure for the conveying bed which 
accommodates vibratory motion of a portion of the conveying bed extending from 
the proximal end a substantial distance toward the distal end but which dampens 

15 vibratory motion at the distal end, and a piezoelectric driver which is operatively 
connected to the conveying bed adjacent the proximal end. In this manner, 
operation of the piezoelectric driver induces a wave motion in the conveying bed 
which conveys the material from the proximal end to the distal end. 

In one embodiment of the invention, the support structure comprises at 

20 least one isolation spring which is positioned between the proximal end and a 
static base structure, and a rigid support member which is positioned between 
the distal end and the base structure. The isolation spring allows the 
piezoelectric driver to induce a vibratory motion in the portion of the conveying 
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bed extending from the proximal end, while the rigid support member dampens 
the vibratory motion at the distal end of the conveying bed. In this manner, a 
directional vibratory wave is created in the conveying bed which effectively 
moves the material from the proximal end to the distal end. 
5 Thus, operation of the piezoelectric driver induces a wave motion in the 

conveying bed which tends to propagate in one direction by virtue of the damping 
of the distal end of the conveying bed. In addition, damping of the wave motion 
at the distal end substantially prevents reversion of the wave motion, which 
therefore results in movement of the material in the desired direction. 

10 In contrast to known devices, therefore, the conveying apparatus of the 

present invention employs a piezoelectric driver to induce a directional wave 
motion in the conveying bed. The wave motion is limited to a single desired 
direction by damping the distal end of the conveying bed. In addition, the 
piezoelectric driver can be operated at different frequencies and amplitudes to 

15 accommodate variable feed rates for different materials being conveyed. 

Other features and advantages of the present invention will be made 
apparent from the following detailed description, with reference to the 
accompanying drawings. 
Brief Description of the Drawings 

20 Figure 1 is a side elevation view of the conveying apparatus of the present 

invention; 

Figure 2 is an end view of the conveying apparatus shown in Figure 1 ; and 
Figure 3 is a top plan view of the conveying apparatus shown in Figure 1 . 
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Detailed Description of the Preferred Embodiments 

Although the present invention may be embodied in various forms, it will 
be described and illustrated herein in the context of a presently preferred 
embodiment. Therefore, the following description should not be construed to 
5 limit the invention to the specific embodiment illustrated, but should instead be 
considered as merely an exemplification of the invention. 

The conveying apparatus of the present invention employs a piezoelectric 
driver to induce a directional wave motion in the apparatus that is effective for 
conveying materials. The use of a piezoelectric driver facilitates the cost- 

10 effective manufacture and operation of the conveying apparatus. In addition, 
operation of the piezoelectric driver at varying amplitudes and frequencies 
facilitates the conveyance of different types of materials at varying feed rates. 

Referring to Figures 1 through 3, the conveying apparatus of the present 
invention, which is indicated generally by reference number 10, comprises an 

15 elongated conveying bed 12 on which the material to be conveyed is supported. 
In operation, the material is conveyed from a proximal end of the conveying bed 
12 (the left-hand end as viewed in Figure 1) to a distal end of the conveying bed 
(the right-hand end as viewed in Figure 1). Although the conveying bed 12 may 
comprise any suitable configuration, it is preferably generally plate-like in design. 

20 Thus, as shown most clearly in Figures 1 and 2, the conveying bed 12 ideally 
comprises a generally flat, generally rectangular metallic plate having a thickness 
of at least about 18 gauge. Such a configuration minimizes the driving 
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requirements of the associated piezoelectric driver and facilitates the creation of 
the desired wave motion in the conveying bed 12. 

In accordance with the present invention, the conveying apparatus 10 also 
comprises a support structure for the conveying bed 12 which accommodates 
5 vibratory motion of a portion of the conveying bed extending from the proximal 
end a substantial distance toward the distal end, but which dampens vibratory 
motion at the distal end. In the illustrated embodiment of the invention, the 
support structure includes at least one and preferably two isolation springs 14, 
e.g., compression coil springs, which support the proximal end of the conveying 

10 bed 12 above a static base structure 16, such as a floor upon which the 

conveying apparatus 10 is mounted. The support structure further includes a 
substantially rigid support member 18 which both supports the distal end of the 
conveying bed 12 and dampens vibratory motion thereat. The support member 
18 may comprise a generally U-shaped configuration which is defined by a web 

15 portion 18a that extends between a pair of upstanding leg portions 18b. The web 
portion 18a is supported on and secured to the static base structure 16, such as 
by a pair of mechanical anchors 20, and the leg portions 18b extend upwardly on 
opposite sides of the distal end of the conveying bed 12. The support member 
18 further comprises an end plate 18' to which the distal end of the conveying 

20 bed 12 is rigidly connected, such as by welding. 

In order to prevent the material being conveyed from falling off the sides of 
the conveying bed 12, the conveying apparatus 10 preferably also comprises a 
static conveying trough 22 which is positioned in operative association with the 
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conveying bed. The conveying trough 22 includes a pair of side walls 24, each of 
which is positioned proximate a respective side of the conveying bed 12. The 
sidewalls 24 are ideally positioned in closely spaced relation with respect to. the 
conveying bed 12 so as to confine the material on, while not interfering with the 
5 vibratory motion of, the conveying bed. For example, the bottoms of the side 
walls 24 may be spaced from the top of the conveying bed 12 by a distance G 
which may be on the order of about 0.010 inch. The conveying trough 22 may 
also include an end wall 26 which extends between the side walls 24 generally 
upstream of the proximal end of the conveying bed 12. However, the opposite 

10 end of the conveying trough 22 is typically open so as to allow the conveyed 
material to move off the distal end of the conveying bed 12. 

The conveying trough 22 is ideally connected to the static base structure 
16 in a manner which isolates the conveying trough from the vibratory motion of 
conveying bed 12. In the illustrated embodiment of the invention, the conveying 

15 trough 22 is supported proximate the distal end of the conveying bed 12 by the 
leg portions 18b of the rigid support member 18, which are optimally joined to the 
conveying trough to dampen the vibratory motion thereof. The conveying trough 
22 is preferably further supported by at least one additional static support 
structure 28, which is spaced apart from the rigid support member 18. The static 

20 support structure 28 may be provided with a generally U-shaped configuration 
similar to the rigid support member 18, with a web portion 28a extending 
between a pair of upstanding leg portions 28b. The web portion 28a is supported 
on and secured to the base structure 16 by a pair of suitable mechanical anchors 
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30. The leg portions 28b extend upwardly on opposite sides of the conveying 
- bed 12 and are rigidly secured to the conveying trough 22. By this arrangement, 
the conveying trough 22 is mounted in a substantially fixed and static relationship 
with respect to the conveying bed 12. 
5 In accordance with the present invention, the conveying apparatus 10 

further comprises a piezoelectric driver 32 for generating the desired directional 
wave motion in the conveying bed 12. The piezoelectric driver 32 is operatively 
connected to the conveying bed 12 adjacent the proximal end thereof, preferably 
by substantially rigidly mounting the piezoelectric driver to the bottom surface of 

10 the conveying bed. Since the proximal end of the conveying bed 12 is supported 
by the isolation springs 14 and the distal end is firmly connected to the rigid 
support member 18, operation of the piezoelectric driver 32 will induce a 
directional wave along a substantial portion of the conveying bed in the direction 
indicated by the arrows in Figures 1 and 3. The resonance of the conveying bed 

15 12 desirably acts to amplify the wave motion created by the piezoelectric driver 
32, thereby creating a directional wave of sufficient magnitude to effect efficient 
movement of the material being conveyed. 

The piezoelectric driver 32 can be driven by a suitable electrical controller 
34, which can be operated to selectively vary the amplitude and frequency of 

20 vibration of the piezoelectric driver in a known and conventional fashion. In this 
regard, the piezoelectric driver 32 may be operated at a frequency at or near the 
natural frequency of the conveying bed 12 to facilitate the creation of the desired 
wave motion in the conveying bed. 
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In an exemplary embodiment of the conveying apparatus 10 in which the 
conveying bed 12 comprises an 18 gauge steel plate having a maximum width of 
24 inches, the piezoelectric driver 32 is operated at a frequency of between 
about 0 and 20 kilohertz and at an amplitude of between about 0 and 0.002 inch. 
5 While the piezoelectric driver 32 may have a typical operational amplitude on the 
order of about 20 to 30 microns, operation of the piezoelectric driver at or near 
the natural frequency of the conveying bed 12 desirably acts to resonate the 
conveying bed to thereby amplify the driver motion. Selective variation in the 
operation of the piezoelectric driver 32 facilitates the handling of different types of 
10 materials, since the natural frequency of the conveying bed 12 will be affected by 
the type and quantity of the material being conveyed. A commercially available 
piezoelectric driver can be suitably employed in an application such as described 
above. 

While the conveying apparatus 10 is configured for linear movement of 
15 materials, it is within the purview of the present invention that a conveying 
apparatus embodying the principles disclosed herein can be otherwise 
configured, such as by the provision of an arcuate conveying bed for inducing 
circular movement of the materials. 

It should be recognized that, while the present invention has been 
20 described in relation to the preferred embodiments thereof, those skilled in the art 
may develop a wide variation of structural and operational details without 
departing from the principles of the invention. Therefore, the appended claims 
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are to be construed to cover all equivalents falling within the true scope and spirit 
of the invention. 
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